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Introduction 


(This introduction is not a part of IEEE Std C57.12.70-2000, IEEE Standard Terminal Markings and Connections for 
Distribution and Power Transformers.) 


The Terminology, Units, and Terminal Markings Working Group of the IEEE Transformers Committee was 
formed in January 1995. One of its two projects was to review and update this standard, which was last 
issued by ANSI in 1978. 


The purpose of IEEE Std C57.12.70-1998 is to specify standard terminal markings and connections for dis- 
tribution and power transformers. 


The content of this revision of IEEE Std C57.12.70-1998, compared to the 1978 version, is very similar. The 
major effort of the Working Group was to reorganize the standard to comply with the approved style of cur- 
rently published IEEE standards, to update reference standards, and to add terminal marking requirements 
for padmounted compartmental transformers. 


At the time the revision of this standard was completed, the Working Group on Terminology, Units and 
Terminal Markings had the following membership: 


Thomas P. Traub, Chair 
Wallace B. Binder John W. Matthews Thomas A. Prevost 
Robert L. Grubb B. K. Patel F. N. Young 


Copyright © 2001 IEEE. All rights reserved. 1 


Dennis J. Allan 
George Allen 
Raymond Allustiarti 
Glenn Andersen 
Stephen Antosz 

Jim Antweiler 

Jim C. Arnold 

Roy A. Bancroft 
Ron L. Barker 
Edward A. Bertolini 
Wallace B. Binder 
William E. Boettger 
Joe V. Bonucchi 
John D. Borst 

Don Chu 

Jerry L. Corkran 
Dan W. Crofts 

John A. Ebert 

Fred E. Elliott 

Joe Foldi 

Ron Fox 

Dudley L. Galloway 
Harry D. Gianakouros 
Ramsis S. Girgis 
Richard D. Graham 
Robert L. Grubb 
Robert L. Grunert 
Michael E. Haas 
Geoff H. Hall 

N Wayne Hansen 
James H. Harlow 
William R. Henning 
Philip J. Hopkinson 
James D. Huddleston, III 
John O. Hunt 
Virendra Jhonsa 
Anthony J. Jonnatti 


The following persons were on the balloting committee: 


Lars-Erik Juhlin 
Brian Klaponski 
Egon Koenig 

Barin Kumar 

John G. Lackey 
Tim D. Lewis 
Harold F. Light 
Larry A. Lowdermilk 
Donald L. Lowe 
Joe D. MacDonald 
William A. Maguire 
John W. Matthews 
Jack W. McGill 
Charles Patrick McShane 
R. E. Minkwitz, Sr. 
Harold R. Moore 
W. E. Morehart 
Daniel H. Mulkey 
Charles R. Murray 
R. J. Musil 

William H. Mutschler, Jr. 
Carl G. Niemann 
Larry Nunnery 

Paul E. Orehek 
Dennis Orten 

Dhiru S. Patel 

B. K. Patel 

Wesley F. Patterson 
Dave Payne 
Paulette A. Payne 
Thomas J. Pekarek 
Dan D. Perco 

Mark D. Perkins 
Linden W. Pierce 

R Leon Plaster 
Donald W. Platts 
Jeewan L. Puri 


Pierre Riffon 

Peter G. Risse 
Arlise L. Robinson, Jr. 
John R. Rossetti 
Mahesh P. Sampat 
Vallamkonda Sankar 
Leo J. Savio 

Rick Sawyer 

Wes W. Schwartz 
Pat Scully 
Dilipkumar Shah 
Devki Sharma 

Vic Shenoy 

Hyeong Jin Sim 
Tarkeshwar Singh 
Leonard R. Smith 
Stephen D. Smith 

J. Ed Smith 

James E. Smith 
Jerry W. Smith 
Steven L. Snyder 
Ronald J. Stahara 
L.R. Stensland 

John C. Sullivan 
James A. Thompson 
Thomas P. Traub 

Al Traut 

Subhash C. Tuli 
Georges H. Vaillancourt 
Robert A. Veitch 
Loren B. Wagenaar 
Ralph D. Wakeam 
Barry H. Ward 
Robert Whearty 

A. L. Wilks 

William G. Wimmer 
W. E.Wrenn 

F. N. Young 


When the IEEE-SA Standards Board approved this standard on 7 December 2000, it had the following 


membership: 
Donald N. Heirman, Chair 
James T. Carlo, Vice Chair 
Judith Gorman, Secretary 


Satish K. Aggarwal 
Mark D. Bowman 


James H. Gurney 
Richard J. Holleman 
Gary R. Engmann Lowell G. Johnson 
Harold E. Epstein Robert J. Kennelly 

H. Landis Floyd Joseph L. Koepfinger* 
Jay Forster* Peter H. Lips 

Howard M. Frazier L. Bruce McClung 
Ruben D. Garzon Daleep C. Mohla 


* Member Emeritus 


Also included is the following nonvoting IEEE-SA Standards Board liaison: 


Alan Cookson, NIST Representative 
Donald R. Volzka, TAB Representative 


Noelle D. Humenick 
IEEE Standards Project Editor 


Copyright © 2001 IEEE. All rights reserved. 


James W. Moore 
Robert F. Munzner 
Ronald C. Petersen 
Gerald H. Peterson 
John B. Posey 
Gary S. Robinson 
Akio Tojo 

Donald W. Zipse 


1V 


Contents 


1 COVET VIC W sas sicatoyascemeanendcmeva siundaacsswhansebansueaataoouatetenenenderesdondaqsbautandsdaza veaasnoausciocdetsubenetlontaaabeshansaocntueacdaanes ] 
Me WC OOS oak gee oe easereec eat etal tancttec tec saauada ee ep enclies pa deeaidase a tes id cacassieuetarseeceunge ss etuseaaueeevedtoctatentsaaes ] 
Ue VITO U NC © 6 ae sctrsshaces ectesacesice tnaatat sce snsanae teins ae metneniatsosse saci aath i aueoneannastsdecteheseanncseastaasebsseaasans: ] 
2. Marking of terminals and identification Of WINdINGS ..............cccccscssseceeeecceeceeeeeeeeeeeeeeeeeeeeeeeeeaaaeeaaaaaaaas 3 
DMS RG CTC eA sips sels accel eater ngncab sate aciasals saben alee ceca eat ae ania darts tel cineca dean hran nana neat 3 
2.2 SEQUENCE CES CHAI ON seine icaece utesansar acecckuamicern aren lehiiae ae nwaiat aoc iad metus see 3 
2: external (ermal UeSiOMaMlOn vsaiei bt ist ats tes ctetes oases atau ines a eid el ele veel ieee a toal 3 
2.4. SN Gutral Term inia eS OMAllOM scacis tani araei dc daticated oacusan te donassantnas sasdstutata Mewen eeseuclatecseiaeabeanamiohatnetands 3 
29° SSrOUndeG Terminal GES O NAO fos /imiin Gaelic eset vats Vaal wisiese tutu atliayt haa wnoctaulde walla saeieverdde nonce hianan! 3 
Sx. -Simele=phase: (ranslOrme rs ics. 5 sii i5 shee cea eewezncssaes insted eben ties sooeo awed Genwa ewes eee eee 3 
Sel! “By Pes OL Mans lOl MICl Ss:cc 124 sssstame eee inectescenettst ceauchaneedcinmenetie ob geniebeect ibe tagnsenannietnddush aeisenmmantiads 4 
5.2. SUDmaAcuve and ACCT 6 POlALILY ssiaicocs taut rcanla ce Soccchb neds acuiet een icdee ts eld ule Oar uevesadiceesidecaes 5 
3.3 Order of numbering terminals Of AMY WINING ........... ccc eeeeeseessseeesseeeseesessesseeeseeeeceececeeeceeeeeeeeeess 1] 
3.4 Order of numbering terminals of different WINdINGS ..............:::cccsseesssessssessseeeseecceeecceeeeeeeeeeeeeess 1] 
SD. AOC ATION OF TNT Te rem Als castes ciss psedt tstesleteada ic ncudeaaa listinamacied paguaada saasienan Acteemtcieeaatecetan caus mecuaeeiedadedes 12 
Ge OMe cera ee (=) WG) ol) &:1 800) Menem Raney Merete nn me omen ye ean ane Tete Mera ne ete meee Rey eT nt ee ee ee 12 


4. Angular displacement and connections for single-phase transformers in three-phase 


AIC, SIX MASS OATS s s2ot tl navieiostienenedatct Alectnasicen he ride Pe uaatecdeacctealeadsonsaa ued en eneesudecugagtiees ssssuriaiiacsieeealereess 13 
5. Phase relationships and terminal markings for three-phase transfOrmetS ..............cccccceeeeeeeeeeeeeeeeeeees 17 
5.1 Relation between highest voltage winding and other WIndIngS...............ccccccceeeeeceeeeceeeeeeeeeeeeeees 17 
5.2 Phase relationships and terminal markingS ...............ccccsssesssesesseseesesessessssesseeeeseececeeeeeeeeeeeeeeeeeeees 19 
5,3 Marking of full windines terminals 20cm e.2uctiarnatielevncss Ghaeshoequnserawechutierweneasiedieihatacacacncs 19 
2 31 0) Cats. [seer wn Om cat rt aan eg UR ge Ure Nur FCT TEP rer SNE ENE RDO NUON 7 ee anPr Oe nea? 20 
5.0: Location of extemal. Terminal wists usosodhanticneneestorcienssnawedeiedemwundseutauaeacheletiAweaaaniaeunes 21 
5.6 Interphase connections made Outside Of CASE ........ccceccsssssssseesseseesesesssssesessseceseeccceeceeeeeeeeeeeeeeeees 23 
Ded Marae MOPS alo ressidusszccscseves acest oer Geeenhoeseeneerustsctas haat doestaceddee damage decaupesaetetesentesdevstanaadom dares 23 
6. Terminal markings for three-phase to six-phase transformers ..............cccccsessseesseeeeeececeecceeeeeeeeeeeseeees 25 
Gh CE Fl te assets ate ed Soe sah aade dais iat scatn se ance at oie meadseast oaaaetnnaatianeee nceatenec Ca teaealereuseutt oueee enc taces 23 
62 Marking of full witidine terminals seis ctics asesnidanitehen deal ade tidewchigedele ieee dese eel ida eee eae 23 
6.3 Relation between three-phase and six-phase WININGS..............ccccceessssssssssseeeeeeceeececeeeeeeeeeeeeeeees 24 
eS Ta TC ANS scars forse ct ssaseatectiis esi caiatas taste atuartateapihetvem etsebstete Ciel eiiea cata ncie desta bee saa tamale atalseeiateblaaabiendomatects 24 


7. Use of transformers with standard voltage diagrams in connecting 


SYStEMIS OL-VallOUS Dildse CISplaCeINGIUS ca cacsitialsegesks vesierartuntvvaesateouwtusnciuelvy Muito sian esiivacetvaseineenieaes 25 
TMB WCC EAA aes Sager or gece ae ca ccc eae monte wade veaaes weed ae sauna Somepohetareua saat ns aaa uaca one ucareinan ieee hacenenmesuceuuece 25 
TZ: 0 phase displacenient: A=AoOr- Vs Yo essctes cht cat et cates at Sie as Saat nn a uiis cea dteaaceeh Ak Siaet os 26 
1.3 30" lageine phase displacement] AcY. OF Y=Acs.ceutiventessttasastednectcenastievomsanitennwandn Gress wunraiieas 26 
7.4 30° leading phase displacement: A-Y O1 Y-A wo.cccccccsccccccesssssecceeesssscecceesesseeeceeeeeseeeeseseessaeeeees 26 
J) SUMMALy OL Precedine-c kA p le Sian. ct icte cence oral sacactseastatecs aaghialescaac balan debacle caelesates 2) 


Copyright © 2001 IEEE. All rights reserved. Vv 


Copyright © 2001 IEEE. All rights reserved. 


al 


IEEE Standard Terminal Markings and 
Connections for Distribution and 
Power Transformers 


1. Overview 


1.1 Scope 


This standard describes the terminal markings and connections for distribution, power, and regulating trans- 
formers covered in the C57 series of IEEE and ANSI standards, guides, and recommended practices. 


1.2 References 
When the following standards are superseded by a revision, the revision shall apply: 


ANSI C57.12.10-1988, American National Standard for Transformers — 230 kV and Below 833/958 through 
8333/10 417 kVA, Single-Phase, and 750/862 through 60 000/80 000/100 000 kVA, Three-Phase without 
Load Tap Changing; and 3750/4687 through 60 000/80 000/100 000 kVA with Load Tap Changing — Safety 
Requirements : 


ANSI C57.12.20-1997, American National Standard for Overhead Distribution Transformers, 500 kVA and 
Smaller: High Voltage, 34 500 Volts and below: Low Voltage, 7970/13 800 Y Volts and below— 
Requirements. 


ANSI C57.12.22-1989, American National Standard for Transformers—Pad-Mounted, Compartmental- 
Type, Self-Cooled, Three-Phase Distribution Transformers with High-Voltage Bushings, 2500 kVA and 
Smaller: High-Voltage, 34 500 GrdY/19 920 Volts and Below; Low Voltage, 480 Volts and Below— 
Requirements. 


ANSI C57.12.24-1992, American National Standard for Transformers--Underground-Type Three-Phase 
Distribution Transformers, 2500 kVA and Smaller; High Voltage, 34 500 GrdY/19 920 Volts and Below; 
Low Voltage, 480 Volts and Below — Requirements - 


!ANSI publications are available from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, 
New York, NY 10036, USA (http://www.ansi.org/). 

2 ANSI C57.12.24-1992 has been withdrawn; however, copies can be obtained from the Sales Department, American National Stan- 
dards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA (http://www.ansi.org/). 
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ANSI C57.12.25-1990, American National Standard for Transformers— Pad-Mounted, Compartmental- 
Type, Self-Cooled, Single-Phase Distribution Transformers with Separable Insulated High-Voltage 
Connectors; High Voltage, 34 500 Grd Y/19 920 Volts and Below; Low Voltage, 240/120 Volts; 167 kVA and 
Smaller— Requirements. 


ANSI C57.12.40-1994, American National Standard for Secondary Network Transformers— Subway and 
Vault Types (Liquid Immersed) — Requirements. 


ANSI C57.12.50-1981 (Reaff 1989), American National Standard Requirements for Ventilated Dry-Type 
Distribution Transformers, 1 to 500 kVA, Single-Phase, and 15 to 500 kVA, Three-Phase, with High-Voltage 
601 to 34 500 Volts, Low-Voltage 120 to 600 Volts. 


ANSI C57.12.51-1981 (Reaff 1989), American National Standard Requirements for Ventilated Dry-Type 
Power Transformers, 501 kVA and Larger, Three-Phase, with High-Voltage 601 to 34 500 Volts, Low-Voltage 
208 Y/120 to 4160 Volts. 


ANSI C57.12.52-1981 (Reaff 1989), American National Standard Requirements for Sealed Dry-Type Power 
Transformers, 501 kVA and Larger, Three-Phase, with High-Voltage 601 to 34 500 Volts, Low-Voltage 
208 Y/120 to 4160 Volts. 


IEEE 100, The Authoritative Dictionary of IEEE Standards Terms, Seventh Edition.* 


IEEE Std C57.12.00-2000, IEEE Standard General Requirements for Liquid-[mmersed Distribution, Power, 
and Regulating Transformers. 


IEEE Std C57.12.01-1998, IEEE Standard General Requiremets for Dry-type Distribution and Power Trans- 
formers Including Those with Solid-Cast and/or Resin-Encapsulated Windings. 


IEEE Std C57.12.23-1992 (Reaff 1999), IEEE Standard for Transformers—Underground-Type, Self- 
Cooled, Single-Phase Distribution Transformers With Separable, Insulated, High-Voltage Connectors; High 
Voltage (24 940 Grd Y/14 400 V and Below) and Low Voltage (240/120 V, 167 kVA and Smaller). 


IEEE Std C57.12.26-1992, IEEE Standard for Pad-Mounted, Compartmental-Type, Self-Cooled, Three- 
Phase Distribution Transformers for Use with Separable Insulated High-Voltage Connectors (34 500 Grd Y/ 
19 920 V and Below; 2500 kVA and Smaller)’. 


IEEE Std C57.12.80-1978 (Reaff 1992), IEEE Standard Terminology for Power and Distribution 
Transformers. 


IEEE Std C57.12.90-1999, IEEE Standard Test Code for Liquid-Immersed Distribution, Power, and Regulat- 
ing Transformers and IEEE Guide for Short Circuit Testing of Distribution and Power Transformers. 


IEEE Std C57.12.91-1995, IEEE Standard Test Code for Dry-Type Distribution and Power Transformers. 


3TEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway, 
NJ 08855-1331, USA (http://standards.ieee.org/). 


‘TEEE Std C57.12.26-1992 has been withdrawn; however, copies can be obtained from Global Engineering, 15 Inverness Way East, 
Englewood, CO 80112-5704, USA, tel. (303) 792-2181 (http://global.ihs.com/). 
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2. Marking of terminals and identification of windings 


2.1 General 


The windings of a transformer shall be distinguished from one another as follows: two-winding transformers 
shall have their windings designated as high voltage (HV or H) and low voltage (LV or X). Transformers with 
more than two windings shall have their windings designated as H, X, Y, or Z. 


2.2 Sequence designation 


The highest voltage winding shall be designated as HV or H, except for transformers designed for 
three-phase to six-phase transformation (see Clause 6). The other windings, in order of decreasing voltage, 
are designated as X, Y, and Z. If two (or more) windings have the same voltage and different kVA (kilo- 
volt-ampere) ratings, the higher kVA winding receives the prior letter designation of the two (or more) letters 
available, according to the sequence by voltage as explained above. If two or more windings have the same 
kVA and voltage rating, the designations of these windings are arbitrarily assigned. 


2.3 External terminal designation 


In general, external terminals shall be distinguished from one another by marking each terminal with a capi- 
tal letter, followed by a subscript number. The terminals of the H winding are marked H,, H>, H3, etc. The 
terminals of the X winding are marked Xj, X5, X3, etc. 


When two external terminals are connected to the same end of a winding, such as the terminals on loop 
feed transformers, they shall be identified by the same capital letter and subscripted numeral followed by an 


additional subscripted letter A or B, for example, H,, and H)p, Ho, and Hop. 


The identification of external terminals shall be accomplished either by the use of the sketches on the name- 
plate showing locations of specific terminals, or by physically marking terminals. 


2.4 Neutral terminal designation 

A neutral terminal of a three-phase transformer shall be marked with the proper letter followed by the sub- 
script 0, for example, Ho, Xo, etc. A neutral terminal common to two or more windings of a single or 
three-phase transformer shall be marked with the combination of the proper winding letters, each followed 
by the subscript 0; for example, HpXo, as in the case of autotransformers. A terminal brought out from the 


winding for some other use than that of a neutral terminal (e.g., a 50% starting tap) shall be marked as a tap 
terminal. 


2.5 Grounded terminal designation 


If a transformer has a two-terminal winding with one terminal grounded and the other ungrounded, the 
subscript 2 terminal shall be the grounded terminal. 


3. Single-phase transformers 


Polarity and terminal markings of single-phase transformers are described in 3.1 through 34. 
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3.1 Types of transformers 

3.1.1 Distribution transformers, liquid-insulated 

Polarity shall be subtractive for all liquid-insulated distribution transformers, except as otherwise described 
in applicable sections of IEEE Std C57.12.00-2000 and ANSI C57.12.20-1997, which specify additive 
polarity for single-phase transformers in sizes 200 kVA and smaller having high-voltage windings 8660 


volts and below. 


Terminal markings shall be as shown in this standard except as otherwise specified in IEEE Std 
C57.12.23-1992 and ANSI C57.12.25-1990. 


3.1.2 Power transformers, liquid-insulated 


Polarity shall be subtractive. Terminal markings not described in IEEE Std C57.12.00-2000 or in ANSI 
C57.12.10-1988 shall be in accordance with Clause 3 of this standard. 


3.1.3 Dry-type transformers 


Polarity shall be subtractive. Terminal markings not described in IEEE Std C57.12.01-1998 shall be in 
accordance with Clause 3 of this standard. 


3.1.4 Autotransformers 


Single-phase autotransformer terminals shall, as far as practicable, be marked in accordance with the 
requirements for subtractive polarity (see Figure 1). 


SUBTRACTIVE ADDITIVE 
POLARITY POLARITY 
ely ar Be Hs 
ws Ke Xo x 
<o (ko) 


Figure 1—Single-phase transformer terminal markings 
(simple H and X windings without taps) 
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3.2 Subtractive and additive polarity 


When terminals of any winding are brought outside the tank and marked per 3.3, 3.4, or 3.5, the polarity of a 
transformer is 


a) Subtractive when H, and X, are adjacent. See Figure 1, Figure 2(a), Figure 3(a), Figure 4(a), 
Figure 5, Figure 6(a), Figure 7(a), Figure 8(a), Figure 9(a), Figure 10(a), Figure 11(a), Figure 12(a), 
and Figure 13(a). 

b) Additive when H, is diagonally located with respect to X;. See Figure 2(b), Figure 3(b), Figure 4(b), 
Figure 6(b), Figure 7(b), Figure 8(b), Figure 9(b), Figure 10(b), Figure 11(b), Figure 12(b), and Fig- 
ure 13(b). 

c) The same rule applies between the H and Y winding and between the H and Z winding. For example, 
when Y, or Z, is on the left when facing the Y or Z side of the case, respectively, the polarity is sub- 


tractive; conversely, when Y, or Z; is on the right when facing the Y or Z side of the case, respectively, 
the polarity is additive. 


SUBTRACTIVE ADDITIVE 
POLARITY POLARITY 
H, H, H, 4H, H, H, H, 4H, 
a ar a Ce ee ee 
a) <b) 


Figure 2— Single-phase transformer terminal markings 
(simple H and X windings with taps) 
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SUB RAC TIN-AE ADDITIVE 
PULARITY POLARITY 


Be Ele ae Fug 
‘a a ve ore a 


Car cop 


Figure 3—Single-phase transformer terminal markings 
(series multiple X winding without taps) 


SUBTRACTIVE ADDITIVE 
POLARITY PULARITY 


Sli ae le me 
a ee ee Cr or ee Coe Cone G 


Car Ck? 


Figure 4— Single-phase transformer terminal markings 
(series multiple X winding with taps) 
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x 


1 


Figure 5—Single-phase transformer terminal markings 
(autotransformer) 


SUBTRACTIVE ADDITIVE 
POLARITY POLARITY 


Ca) op. 


Figure 6— Single-phase transformer terminal markings 
(three-wire series connection) 
(transformers having neutral brought out between outside terminals) 
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SUBTRACTIVE ADDITIVE 
PULARITY POLARITY 


eo 


Ca) Ck) 
Figure 7— Single-phase transformer terminal markings 
(two-wire multiple connection) 


SUBTRACTIVE ADDITIVE 
PULARITY POLARITY 


H NOTE 1) H, <NOTE 1) 


NOTES 


1 —Tank grounding connector. 
2— Bolted to case externally. 
(Connection to be furnished by user.) 


Figure 8—Single-phase transformer terminal markings 
(three-wire series connection) 
(transformers having neutral brought out between outside terminals) 
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SUBTRACTIVE ADDITIVE 
POLARITY POLARITY 
H, Hy 
H ,<NOTE 1) Fes SNE: 1) 


NOTES 
1 —Tank grounding connector. 
2— Bolted to case internally. 


Figure 9—Single-phase transformer terminal markings 
(three-wire series connection) 
(transformers having neutral brought out between outside terminals) 


SUBTRACTIVE ADDITIVE 
POLARITY POLARITY 


H aSNOTE 1) H 2 ‘NOTE 1D) 


NOTES 
1 —Tank grounding connector. 
2— Bolted to case internally. 
3—Figure 10(a) and (b) are related to single-phase submersible transformers with secondary cable lead bush- 
ings, which require internal neutral grounding to the tank but externally appear to be an insulated neutral cable. 
Figure 10—Single-phase transformer terminal markings 
(Three-wire series connection) 
(transformers having neutral brought out between outside terminals) 
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CNENTEE Ge? 


NOTES 

1 —Tank grounding connector. 

2— Bolted to case externally. 
(Connection to be furnished by user.) 


CO? 


Figure 11—Single-phase transformer terminal markings 
(two-wire multiple connection) 


SUBTRACTIVE ADDITIVE 
POLARITY PULARITY 


(a) (ko? 


Figure 12—Single-phase transformer terminal markings 
(two-wire series connection) 
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Figure 13—Single-phase transformer terminal markings 
(two-wire multiple connection) 


3.3 Order of numbering terminals of any winding 


3.3.1 Terminal numbers 


The terminals of any winding whose leads are brought out of the case shall be numbered I, 2, 3, 4, 5, etc., the 
lowest and highest numbers marking the full winding and the intermediate numbers marking fractions of 
windings or taps. All numbers shall be so applied that the voltage difference from any terminal having a 
lower number toward any terminal having a higher number shall have the same sign at any instant (see Fig- 
ure 2 and Figure 3). 


3.3.2 Series-multiple winding 


If a winding is divided into two or more parts for series-multiple connections and the leads of these parts are 
brought out of the case, the above rule shall apply for the series connection with the addition that the termi- 
nations of each portion of the winding shall be given consecutive numbers (see Figure 2 through Figure 4 for 
four or six leads brought out and Figure 6 through Figure 11 for three leads brought out). 


3.3.3 Two leads through one bushing 


When two leads are brought out of the case through one bushing (to minimize inductive effect), such termi- 
nals shall be physically identified by stamping or tagging in compliance with 3.3.1. 


3.4 Order of numbering terminals of different windings 


The numbering of the terminals of the H winding and the terminals of the X winding shall be applied so that 
when H, and X, are connected together and voltage is applied to the transformer, the voltage between the 
highest numbered H terminal and the highest numbered X terminal is less than the voltage of the H winding. 


When more than two windings are used, the same relationship shall apply between each pair of windings. 
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3.5 Location of H, terminal 


The H, lead shall be brought out as the right-hand terminal of the high-voltage group as seen when facing 
the highest voltage side of the case; other H terminals shall be in numerical order from right to left, except as 
modified by specific product standards (e.g., IEEE Std C57.12.23-1992 and ANSI C57.12.25-1990). 


When only one lead of the high-voltage winding is brought out (the other lead being connected to the tank 
internally), it shall be designated as Hj). For polarity marking and testing, this H; terminal shall be regarded as 
located on the right, when facing the high-voltage side of the case, regardless of its actual location. 


When the high-voltage leads are brought out through two bushings of different insulation levels, the bushing 
having the higher voltage level shall be designated as H, and shall be located on the right-hand side when 
facing the high-voltage side of the case, except as modified by specific product standards (e.g., IEEE Std 
C57.12.23-1992 and ANSI C57.12.25-1990). 


3.6 Parallel operation 


Transformers having terminals marked in accordance with this standard may be operated in parallel by con- 
necting similarly marked terminals together, provided their ratios, voltages, resistances, reactances, and 
ground connections are such as to permit parallel operation (see Figure 14 for connections for transformers 
in parallel). 


NOTE— In some cases, designs may be such as to permit parallel operation, although, due to a difference in the number 
of tap terminals, the terminals to be connected together may not be similarly marked. 


NOTE— This figure is included as information to illustrate the connection in parallel of single-phase transformers 
of additive polarity, additive and subtractive polarity, and subtractive polarity in banks. 


Figure 14—Connections for single-phase transformers in parallel 
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4. Angular displacement and connections for single-phase transformers in 
three-phase and six-phase banks 


See Figure 15 through Figure 18. 


AK AA 


NOTE— This figure is included to illustrate connections of single-phase transformers of additive polarity, additive 
and subtractive polarity, and subtractive polarity in banks. 


Figure 15—Single-phase transformers connected A-A and Y-Y in three-phase banks 
with 0° angular displacement 
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NOTE— This figure is included to illustrate connections of single-phase transformers of additive polarity, additive 
and subtractive polarity, and subtractive polarity in banks. 


Figure 16—Single-phase transformers connected A-Y and Y-A in three-phase banks 
with 30° angular displacement 
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NOTE— This figure is included to illustrate connections of single-phase transformers of additive polarity, additive 


and subtractive polarity, and subtractive polarity in banks. 


Figure 17—Single-phase transformers when transforming three- to six-phase with 


0° angular displacement 
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NOTE— This figure is included to illustrate connections of single-phase transformers of additive polarity, additive 
and subtractive polarity, and subtractive polarity in banks. 


Figure 18— Single-phase transformers when transforming three- to six-phases with 
30° angular displacement 


16 Copyright © 2001 IEEE. All rights reserved. 


IEEE 
DISTRIBUTION AND POWER TRANSFORMERS Std C57.12.70-2000 


5. Phase relationships and terminal markings for three-phase 
transformers 

5.1 Relation between highest voltage winding and other windings 

5.1.1 Phase sequence markings 

The markings shall be so applied that if the phase sequence of voltage on the highest voltage winding is in 
the time order H,, H>, H3, it will be in the time order of X,, X5, X3, and Y;, Y>, Y3, etc., on the other 
windings. 

5.1.2 Phase relationship markings 

In order that the markings of terminals shall indicate definite phase relations, they shall be made in accor- 
dance with one of the three-phase groups shown in Figure 19. The angular displacement between the H 


winding and the X winding is the angle in each of the voltage phasor diagrams (see Figure 19), between the 
lines passing from its neutral point through H, and Xj, respectively. 
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0 
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H, 
as \ 
H, Hs Ay, 


DELTA-DELTA CONNECTION 


He 
X, 
a 
Hy Hs X, Xa 


DELTA-ZZ CONNECTION 


He 
ye [" 
H, H, ex 


Y-Y CONNECTION 


H, 
X, 
7 1x 
H, H, =X, X, 


ZZ-DELTA CONNECTION 


H, 
Group 2 X, 
Angular Displacement Xe 
" L\ “ “<< 
H, H, Xs H, H, 4 


DELTA-Y CONNECTION Y-DELTA CONNECTION 


Three-Phase Transformers without Taps 


X. 
X,X, 
Group 3 x Xs 
Angular Displacement 1 Xe 
30° X5 
X 
6 X, 


Three-Phase Transformers with Taps 


NOTES 

|—This figure is included to illustrate the method of marking transformer terminals that are brought out of the 
case. Dash lines show angular displacement between high- and low-voltage windings. 

2— Angular displacement is the angle between a line drawn from neutral to H, and a line drawn from neutral to 
X,, measured in a clockwise direction from H, to Xj. 

3—The zig-zag connections shown in Group | may also be achieved using the following internal connections. 


OR AX, 


Hs Ont oes 


3 


Figure 19— Terminal markings and voltage diagrams for three-phase 
transformer connections 
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5.2 Phase relationships and terminal markings 

Phase relationships and terminal markings for liquid-insulated distribution transformers shall be as specified 
in general and product standards IEEE Std C57.12.00-2000, ANSI C57.12.20-1997, ANSI C57.12.22-1989, 
ANSI C57.12.24-1992, IEEE Std C57.12.26-1992, and ANSI C57.12.40-1994. 


Phase relationships and terminal markings for liquid-insulated power transformers shall be as specified in 
general and product standards IEEE Std C57.12.00-2000 and ANSI C57.12.10-1988. 


Phase relationships and terminal markings for dry-type distribution and power transformers shall be as spec- 


ified in general and product standards IEEE Std C57.12.01-1998, ANSI C57.12.50-1981, ANSI C57.12.51- 
1981, and ANSI C57.12.52-1981. 


5.3 Marking of full winding terminals 
5.3.1 General 


The three leads for each winding that connect to the full-phase windings of a three-phase transformer shall 
have their terminals marked H,, H>, H3, X1, Xo, X3, Y;, Yo, Y3, etc., respectively. 


5.3.2 Autotransformers 


Three-phase autotransformer terminals shall be marked in accordance with the requirements for correspond- 
ing multiwinding transformers (see Figure 20, Group 3). 
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NOTES 

1 — Dash lines show angular displacement between high- and low-voltage windings. 

2— Angular displacement is the angle between a line drawn from neutral to H, and a line drawn from neutral to 
X, measured in a clockwise direction from H, to Xj. 

3—(b), (c), (g), and (h) show mid tap brought out of one phase on the low-voltage side. 


Figure 20— Angular displacement and terminal markings for 
three-phase transformers 


5.4 Tap leads 


In general, where tap leads are brought out of the case (neutral lead excepted) their terminals shall be marked 
with the proper letter followed by the subscripts 4, 7, etc., for one phase; 5, 8, etc., for a second phase; and 6, 
9, etc., for the third phase (see Figure 19, Group 3). 


For delta connections, the order of numbering tap terminals shall be as follows; 4, 7, etc., from terminal | 
toward terminal 2; 5, 8, etc., from terminal 2 toward terminal 3; and 6, 9, etc., from terminal 3 toward termi- 
nal | (see Figure 19, Group 3). 


For wye connections, the order of numbering tap terminals shall be as follows; 4,7, etc., from terminal | 


toward neutral; 5, 8, etc., from terminal 2 toward neutral; and 6, 9, etc., from terminal 3 toward neutral (see 
Figure 19, Group 3). 
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For a delta-connected winding with a center-tap in one leg, two connections are in common use as described 
below 


a) Unless otherwise specified, a center-tap X¢ shall be provided in leg X,X3, as shown in Figure 20(b) 
or Figure 20(g). 


NOTE— This connection provides coordination with ANSI/NFPA 70-1996, paragraph 384-3(f), which requires that the 
B phase (commonly connected to X>) shall have the higher voltage to ground. 


b) When specified, a center tap X, shall be provided in leg X,X>5, as shown in Figure 20(c) or 
Figure 20(h). 


NOTE— This connection will also conform to ANSI/NFPA 70-1996, paragraph 384-3(f), if the B phase is connected to 
X3. 


5.5 Location of external terminals 
5.5.1 Station type transformers 


For station type transformers, and others with high-voltage and low-voltage terminals on opposite sides of 
the case, the H, lead shall be brought to a terminal on the right-hand side of the case when facing the highest 
voltage side. The Hj and H3 terminals shall be arranged in numerical order reading from right to left when 
facing the highest voltage side. The Ho terminal, if present, shall be located on the right of the H, terminal 
when facing the highest voltage side of the case (see Figure 20, Group | and Group 2). 


The X, lead shall be brought to a terminal on the left-hand side of the case when facing the low-voltage side. 
The X, and X3 terminals shall be arranged in numerical order, reading from left to right, when facing the 
X winding side of the case. The Xp terminal, if present, shall be located to the left of the X, terminal when 
facing the X winding side of the case (see Figure 20, Group | and Group 2). 


The Y winding and Z winding terminals, if present, shall be numbered in the same manner as the low-voltage 
terminals. 


5.5.2 Secondary network, subway, and vault-type transformers 


Locations of line and neutral terminals of secondary network, subway, and vault-type transformers differs 
from the locations above and are shown in ANSI C57.12.40-1994. 


5.5.3 Unit substation transformers 


The winding terminals of “standard” and “reverse” unit substation transformers shall be located in accor- 
dance with Figure 21 or Figure 22. 
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REVERSE UNIT 
NOTE — High-voltage terminals are denoted by H and low-voltage terminals are denoted by X. 
*Neutral shall be located within dotted zone. 


Figure 21— Terminal markings and locations for unit substation transformers 
with high- and low-voltage sidewall bushings 


PLAN VIEW 
STANDARD UNIT 


ELEVATION 
VIEW OF LV END 
STANDARD UNIT 


XiX2%s 
xX, * 


ELEVATION 
VIEW OF LV END 
REVERSE UNIT 


PLAN VIEW 
REVERSE UNIT 


al 
w 
ee 
ny 
abs 


— | 


*Neutral shall be located within dotted zone. 


Figure 22— Terminal markings and locations for unit substation transformers with 
high-voltage cover bushings 


When specified, winding terminals of “standard” and “reverse,” or “right” and “left’-hand units, may have 
other terminal markings or arrangements. 


5.5.4 Padmounted, compartmental-type transformers 
For padmounted compartmental-type transformers with all terminals on one side of the case, the high-volt- 
age compartment shall be located on the left side of the case, when facing the terminal side of the case. The 


H, terminal shall be located on the left of the high-voltage compartment. The compartment with the low- 
voltage terminals shall be grouped on the right-hand side of the case when facing the terminal side of the 
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case. The low-voltage neutral terminal, when required, shall be located to the left side of the low-voltage ter- 
minal grouping followed by X,, X5, and X3 in a left-to-right-arrangement. ANSI C57.12.22-1989 and IEEE 
Std C57.12.26-1992 should be referred to for the arrangements and specific dimensional requirements of the 
terminal arrangements. 


5.6 Interphase connections made outside of case 

Where the interphase connections are made outside the case, the terminals shall be marked with the proper 
letter followed by the numbers 1, 4, 7, 10, etc., for one phase; 2,5, 8, 11, etc., for the second phase; and 3, 6, 
9, 12, etc., for the third phase. 


The markings shall be so applied that when a wye connection is made by joining together the highest num- 
bered terminals of each phase, the requirements in this standard will apply except for 2.4. 


5.7 Parallel operation 

Transformers having terminals marked in accordance with this standard may be operated in parallel by con- 
necting similarly marked terminals together, provided that their angular displacements are the same and also 
provided that their ratios, voltages, resistances, reactances, and ground connections are such as to permit 


parallel operation. 


NOTE—In some cases, designs may be such as to permit parallel operation, although owing to a difference in the num- 
ber of tap terminals, the terminals to be connected together may not be similarly marked. 


6. Terminal markings for three-phase to six-phase transformers 


6.1 General 


The requirements for three-phase to six-phase transformers are set up on the basis that the three-phase winding 
is always the H winding. 


6.2 Marking of full winding terminals 
The three terminals that connect to the three-phase winding shall be marked H,, H5, H3, and the six termi- 


nals that connect to the full six-phase winding shall be marked X,, X5, X3, Xy, X5, X¢ (See Figure 23, 
Group | and Group 2). 
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Six-Phase Transformers with Taps 


NOTES 

1—This figure is included to illustrate the method of marking transformer terminals that are brought out of the 
case. Dash lines show angular displacement between high- and low-voltage windings. 

2— Angular displacement is the angle between a line drawn from neutral to H, and a line drawn from neutral to 
X, measured in a clockwise direction from H, to Xj. 


Figure 23— Terminal markings and voltage phasor diagrams for usual six-phase 
transformer connections 
6.3 Relation between three-phase and six-phase windings 


The markings shall be so applied that if the phase sequence of voltage on the three-phase terminals is in the 
order H,, H», H3, it is in the time order X,, X5, X3, X4, X5, X¢ on the six-phase terminals. 


In order that the markings of terminal connections between phases will indicate definite phase relations, they 
shall be made in accordance with one of the four six-phase groups shown in Figure 23, Group | and 


Group 2. The angular displacement between the three-phase and six-phase windings is the angle in each of 
the voltage phasor diagrams from its neutral through H, and X,, respectively. 


6.4 Tap leads 


Where tap leads from the six-phase windings are brought out of the case (neutral lead excepted), they shall 
have terminals marked as designated in 6.4.1 and 6.4.2. 


6.4.1 Diametrical connections 


Tap terminals shall be marked from the two ends of each phase winding toward the middle or neutral point in 
the following order: 


a) X, X13, etc., from X, toward neutral 
b) Xe, Xy4, etc., from X, toward neutral 
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Cc) Xo, X45, etc., from X3 toward neutral 
d) Xyo, Xj, etc., from X,4 toward neutral 
e) Xz, Xj, etc., from Xs toward neutral 
f) Xp, Xjg, etc., from X¢ toward neutral 


See Figure 23(e). 


A tap from the middle point of any phase winding not intended as a neutral shall be given a number deter- 
mined by counting from X), X5, or X3 and not from X4, X5, or X¢. For example, if the only taps brought out 
are 50% starting taps, they shall be numbered X7, Xo, and Xj. 


6.4.2 Double-delta connection 
Tap terminals shall be marked in the following order: 


a) Xz, X43, etc., from X, toward X3 
b) Xe, Xy4, etc., from X> toward X4 
C) Xo, X45, etc., from X3 toward X5 
d) Xo, Xj, etc., from Xy4 toward X¢ 
e) XX, Xj, etc., from Xs5 toward X, 
f) Xp, Xjg, etc., from X¢ toward X> 


See Figure 23(f). 


7. Use of transformers with standard voltage diagrams in connecting 
systems of various phase displacements 


7.1 General 


On the basis of two power or source systems (hereafter referred to as systems), one with phase terminals 
arbitrarily designated by A, B, C, and the other by a, b, c, the phase displacement of “a” with respect to “A” 
may be from 0° to 330° in steps of 30°. Examples are given in 7.2 through 7.4 of transformer connections 
that may be made to transformers for any of these displacements. 
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7.20 phase displacement: A-A or Y-Y 


The following examples are for A-A connections with system displacements of 0°, 120°, and 240°. 


a LAGS A oa LAGS A a LAGS A 
by 0° by 120° by 240° 


Ss Hg X3 C X3 b Xa QO 
B H> a lb ee Q a « 
A H, ‘Ee Q C XP lb 


B K Q @ 
“L\. A. LM, J. 


7.3 30 lagging phase displacement: A-Y or Y-A 


The following examples are for A-Y connections with system displacements of 30°, 150°, and 270° lagging. 


& LAGSEA “nes PAGS. A> “GS LAGS A 
by 30° by 150° by 270° 


9 H, ie 1 a Te eee 
E Re Xe b Ke et Xs ‘= 
A H, x 0 ne Gb oie kb 


“LN. | _ ~~ 


7.4 30 leading phase displacement: A-Y or Y-A 


To connect systems with 30°, 270°, or 150° leading displacements, the procedure given in 7.3 is followed, 
except that the sequence of connecting system terminals to the transformer is reversed by reversing any pair 
of terminals on both systems, such as B, C and b,c. 


For example, again using the A-Y diagram, when the diagram is shown in the usual form, the change in the 


sequence of connections results in a reversal of phase rotation as seen by the transformer terminals. 
Expressed in the recognized counterclockwise rotation, the equivalent diagrams are as follows. 


26 Copyright © 2001 IEEE. All rights reserved. 


IEEE 
DISTRIBUTION AND POWER TRANSFORMERS Std C57.12.70-2000 


GQ LEADS. (AG LEADS Ants MEADS <A 
by 30° by 270" Cys 


E H., xe e re O Me e 
& H. x @ Ve lb x O 
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The leading displacements mentioned above can be expressed as lagging displacements for reference consis- 
tency by subtracting the lead angle degrees from 360°. For example, the 30° leading displacement is the 
same as 330° lagging displacement. 


7.5 Summary of preceding examples 


Degrees See section Lag/lead 


Lagging 


Lagging 


Leading 
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